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ABSTRACT

Background: With shoulder pain and injury on the rise in overhead athletes, clinicians are often examining
preventative exercises to address functional abnormalities. Because shoulder impingement is prevalent in
overhead athletes, much focus is on scapular stability and the function of the stabilizing force couple of the
upper and lower trapezius and serratus anterior.

Hypothesis/Purpose: The purpose of this study was to examine scapular muscle activation during a series
of throws and holds (throwing without releasing) with two different ball weights (70z and 120z). It was
hypothesized that the holds exercises would elicit greater activation of the scapular musculature than the
throw, irrespective of ball weight.

Study Design: Case control laboratory study

Methods: Twenty-two NCAA Division I, right hand dominant, softball players (19.91 +1.04 years; 169.24 +7.36
cm; 72.09 +10.61 kg) volunteered to participate. Surface EMG was utilized to measure muscle activity in the
upper, middle and lower trapezius and serratus anterior muscles during three different throwing activities.

Results: MANOVA results revealed no significant differences in muscle activity between throwing conditions,
F = 1.02, p = 0.446, Wilks’ A = 0.696, Cohen’s d = 0.44 (7oz holds), 0.24 (120z holds), power = 0.625.

(16,82)
Conclusion/Clinical Relevance: The results may provide some clinical insight in advocating the use of holds
with different ball weights. The holds throw may be an effective step in shoulder strengthening that can more
closely mimic the functional movement of throwing without the element of ball release.

Levels of Evidence: Level 3
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INTRODUCTION

Shoulder pain and scapulohumeral dysfunction are
common among overhead throwing athletes. Shan-
ley et al' reported that the shoulder was the most
frequently injured joint in high school softball and
baseball players. Additionally, it has been reported
that shoulder impingement is the most common cause
of shoulder pain in overhead athletes.? Many authors
have suggested that scapular movement abnormali-
ties are linked to inefficient strength and stability of
the scapular stabilizing muscles and thus contribute to
shoulder injury.*” As it is commonly known that the
scapula plays an essential role in shoulder complex
function,®® the stability of the scapula through mus-
cular balance is fundamental. It has been generally
accepted that the force couple of the serratus anterior
(SA) and trapezius musculature acts to dynamically
stabilize the scapula.?® When examining individuals
with shoulder impingement, most have described
greater activation of the upper trapezius (UT) com-
bined with decreased activation of the lower trapezius
(LT) and SA.**°1! Additionally, altered activation has
been reported as a contributor to diminished scapular
posterior tilt and upward rotation, which are needed
to maximize the amount of subacromial space for the
rotator cuff'tendons to pass through.'? Therefore, due to
the prevalence of shoulder injuries in overhead throw-
ing athletes, there is a need to identify potential risk
factors and also develop rehabilitation and strength
training protocols that address scapular stability.

Traditionally, exercises targeting the scapular mus-
culature have been limited to single planes of
motion with the patient positioned prone, side lying
or supine on a table;'*'® though recently, shoulder
exercises aiming to incorporate the entire kinetic
chain are becoming more common.!” The emphasis
on the kinetic chain allows for the implementation
of dynamic movement patterns throughout the reha-
bilitation process. These types of exercises are pre-
ferred by some, as proper kinetic chain sequencing
of each interdependent body segment is needed to
optimize the function of the most distal joint in the
chain.'® Tt has been reported that restoration of the
dynamic scapular stabilizing musculature requires
proper kinetic chain function.'”"Alterations at any
other segment of the chain can affect the shoulder
and dysfunction at the shoulder can impact the
other segments of the chain as well.'"®* Therefore,

by implementing exercises that utilize the entire
kinetic chain during training or rehabilitation, clini-
cians may be able to improve dysfunction at multi-
ple segments, in addition to the shoulder, and better
prepare the athlete to return to play.

One approach that throwers commonly use in the
clinical setting is performing a throwing motion
without releasing the ball. Though this exercise of
throwing holds has been utilized commonly in over-
head athletes and has been recognized by athletes,
coaches, and sports medicine clinicians, no research-
ers to date have validated this type of holds exercise.
The use of a holds throwing exercise may be a suit-
able exercise for improving strength throughout the
entire kinetic chain before returning to full throwing
activity. Although holds exercises are used clinically,
their ability to activate the scapular muscles has
not been investigated. Thus, in attempt to analyze
the scapular musculature, the purpose of this study
was to examine scapular muscle activation during a
series of throws and holds (throwing without releas-
ing) with two different ball weights (70z and 120z).
It was hypothesized that the holds exercises would
elicit greater activation of the scapular musculature
than the throw, irrespective of ball weight.

METHODS

Study Design

The objective of this study was to determine activa-
tion of selected scapular muscles during three throw-
ing activities; independent variables: typical overhead
throw with 70z ball + release (70z throw), an over-
head throw without releasing a 7oz ball (70z holds
exercise), and an overhead throw without releasing a
120z ball (120z holds exercise). During these throw-
ing activities muscle activity was recorded using
surface EMG on the following muscles of the throw-
ing limb; dependent variables: UT, middle trapezius
(MT), LT, SA. Descriptive statistics (mean + standard
deviation) were used to determine muscle activations
by calculating normalized surface electromyographic
(sEMG) data as a percent of the participant’s maxi-
mum voluntary isometric contraction (%MVIC).

Participants
Twenty-two NCAA Division I softball players volun-
teered to participate. Demographics are listed in Table
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1. Participant criterion for selection was freedom from
upper extremity injury within the past six months.
Additionally it should be noted that none of the par-
ticipants reported any pain or stiffness in their upper
or lower extremity following extensive throwing ses-
sions within the previous six months. Additionally,
no participants reported a history of upper extremity
surgery. The Institutional Review Board of Auburn
University approved all testing protocols. Prior to data
collection, all testing procedures were explained to
each participant and informed consent was obtained.
All participants were tested during the off-season (four
to six weeks following last competitive game) and had
not thrown the day of testing.

Table 1. Participant demographics

Age (years) Height (cm) Mass (kg)
19.91+1.04 169.24+7.36 72.09 = 10.61
Procedures

Throwing arm LT, MT, UT and SA muscle bellies
were identified through palpation using previously
described placements by Noraxon (Noraxon USA,
INC, Scottsdale, Arizona).*® The identified locations
were then shaved, abraded, and cleaned using stan-
dard medical alcohol swabs for electrode placement.
The same investigator performed all surface prepa-
ration as well as electrode placement. Subsequent to
surface preparation, adhesive BIO Protech bipolar,
4cm Ag/AgCl diameter disk shaped, surface elec-
trodes (Bio Protech Inc., Tustin, California) were
attached over the muscle bellies and positioned
parallel to muscle fibers using previously published
standardized methods.?# The selected inter-elec-
trode distance was 25mm.*

Electromyographic data were collected via a Noraxon
Myopac 1400L 8-channel amplifier (Noraxon USA,
INC, Scottsdale, Arizona). Surface EMG data were
visually monitored during the collection of data and
sampled at a rate of 1000 Hz with an overall gain
of 500. The raw signals were band-pass filtered with
the low pass filter set to 80 Hz and the high pass fil-
ter set to 250 Hz. The common mode rejection ratio
was set to >100 dB. The signal was full wave recti-
fied and smoothed prior to analysis.

Following the application of surface electrodes, man-
ual muscle testing (MMT) techniques as described

by Kendall et al*® were conducted to determine the
maximum voluntary isometric contraction to which
all EMG data would be normalized. MMTs were
performed as follows: (1) SA: Participant was lying
supine with the humerus in 90° of flexion and neu-
tral rotation with the fingers flexed into a fist. The
investigator applied a downward force towards the
participant’s forearm and humerus. (2) UT: Partici-
pant sat upright with the scapula elevated and neck
laterally flexed to the contralateral side. The investi-
gator applied pressure to the shoulder girdle in the
direction of depression. (3) MT: The participant was
lying prone with the shoulder in 90° of abduction
with the thumb pointed upward. The investigator
applied pressure against the forearm in a downward
direction toward the table. (4) LT: The participant
was lying prone with the arm placed diagonally over-
head in line with the lower fibers of the trapezius
and the thumb pointed upward.?>?® The investigator
applied pressure against the forearm in a downward
direction toward the table. Two muscular contrac-
tions, lasting five seconds, were performed for each
muscle and the first and last seconds were removed
to obtain steady state results.” The data for the two
contractions were averaged and a rest period of 30
seconds was allotted between each contraction.

Following establishment of the MVIC, participants
were instructed on the protocol consisting of three
conditions: (1) 7oz throw, (2) 7oz holds, and (3) 120z
holds. The throwing condition consisted of perform-
ing a maximum effort overhand throw on a straight-
line trajectory preceded by a “crow hop”. A crow hop
is alower extremity movement sequence that utilizes
a skip and a hop prior to the throw being made.”
The holds exercises consisted of mimicking the same
maximum effort overhand throw, however, partici-
pants were instructed to not release the ball. Each
condition was performed three times in a randomized
order for testing. After instruction, participants were
given an unlimited time to perform their own speci-
fied pre-competition warm-up routine. While partici-
pants were allowed to perform their own warm-up
routine, all of their selected warm-ups included both
static and dynamic exercises. A standardized warm-
up protocol was not implemented because of the vari-
ability in how each participant preferred to warm-up
prior to throwing. The average warm-up time was
ten minutes. Once participants deemed themselves
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warm and ready for maximum effort throwing, they
proceeded to perform the protocol described above.
The muscular activity measured during the throwing
motion was expressed as a %9 MVIC for all conditions
and was examined as a single phase from maximum
shoulder external rotation (Figure 1) to end of follow
through (once the throwing hand crossed the midline
of the body and came to a stop) (Figure 2). A single
phase was chosen for the analysis since the objective
was to quantify the overall average muscle activation
throughout the throwing motion versus throughout
multiple phases of the movement.?*3*° For compari-
son purposes, low muscle activity was considered to
be between 0-20% MVIC while moderate activity was
21-40%, high muscle activity was 41-60%, and very
high activity was >60%.%*

Figure 2. End of follow through.

Statistical Analysis

Surface EMG data from each muscle were normal-
ized and expressed as a percent contribution of the
MVIC. Statistical analyses were performed using
IBM SPSS Statistics 22 (Armonk, New York, USA).
Descriptive data were expressed as means and stan-
dard deviations. Effect size and statistical power
were also calculated. A 2 (holds, release) x 3 (holds
70z, holds 120z, throw 70z) x 4 (muscles) multivari-
ate analysis of variance (MANOVA) was conducted
to evaluate the differences between the different
throwing conditions and activity of the UT, LT, MT,
and SA.

RESULTS

Descriptive data for the UT, LT, MT, and SA are pre-
sented in Table 2. Activation for the LT increased
from moderate to high activation (approximately
39%MVIC in the 70z throw to 41%MVIC in the 7oz
hold, and 43%MVIC in the 120z hold); MT increased
from moderate to high activation (approximately
31%MVIC in the 7oz throw to 60% in the 7z hold,
and 41% in the 120z hold); SA was very high, and
increased from approximately 74% in the 70z throw
to 83% in the 7oz hold, and 82% in the 120z hold;
and UT activation was moderate to high, increasing
from approximately 36% in the 70z throw to 39% in
the 70z hold, and 45% in the 120z hold. As reported,
a general trend toward increase in activation was
observed in both holds exercises when compared to
the throw for all four muscles, however the overall
results were not statistically significant. MANOVA
results revealed no significant differences in muscle
activity between throwing conditions, Figm = 1.02,
p = 0.446, Wilks’ A = 0.696, Cohen’s d = 0.44 (70z
holds), 0.24 (120z holds), power = 0.625.

DISCUSSION
Shoulder impingement is one of the most common
causes of shoulder pain in overhead athletes? and it

Table 2. Descriptive statistics of muscle activations

expressed as a %MVIC

70z Throw 70z Hold 120z Hold Significance
LT 39.26 +5.93 41.30+6.78 43.74+5.33 0.87
MT 31.71+7.07 60.39+8.09 41.30+6.36 0.03*
SA 7435+ 7.04 83.40+8.06 82.75+6.34 0.61
uT 36.08 + 5.59 39.80+6.40 44.93+5.03 0.50
* Although there was a significant interaction in the post-hoc test for MT, there was
no significant interaction in the overall statistical test,]
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is often the result of functional abnormalities such
as scapular muscle imbalances.***** The scapular
muscle imbalance frequently observed in individu-
als with shoulder pain and impingement shows
increased UT and decreased LT and SA muscle acti-
vation.*'*! Therefore, sports medicine profession-
als will often target these muscles when addressing
either rehabilitation or injury prevention programs
for overhead athletes in effort to reduce pain and
improve shoulder function. Often in the clinical
setting, injured baseball and softball players will
perform holds exercises prior to the initiation of
an interval throwing protocol in attempt to initiate
scapular muscle activation prior to throwing.

The results of this study revealed that scapular muscle
activations were similar between the three conditions
in healthy NCAA Division I softball players. The lack
of significant differences in muscle activation may
help to support the use of the holds exercise in train-
ing and rehabilitation programs. The holds exercise
produces similar muscle activations to that of a throw,
but may not result in the same stresses being placed
on the upper extremity that have been reported in
the literature to occur at ball release and maximum
internal rotation during a throw.*® By quantifying
scapular muscle activation data for these exercises,
future research may progress to better understand
the kinetic differences between a throw and the holds
exercises. It is known that the overhead throwing
motion requires optimal function of the entire kinetic
chain to transfer energy in addition to a great deal
of neuromuscular efficiency.* As a thrower advances
through the training or rehabilitation process, they
must progress from basic strengthening of the scapu-
lar musculature and surrounding shoulder muscula-
ture to more functional movements that mimic the
throwing motion. As researchers and clinicians have
gained a greater understanding of the importance
of rehabilitating the kinetic chain as a whole, there
has been a shift toward exercises that incorporate full
body movement to retrain the body’s ability to trans-
fer kinetic energy in an effective manner.

While no statistically significant differences between
the three conditions were observed in this study, the
results give insight into the use of potential holds
exercises that target the scapular musculature for
overhead throwing athletes. The examination of the

level of activity for the LT, MT, SA, and UT is still
pertinent. The results of this study revealed mod-
erate (21%-40%), high (41%-60%), and very high
(>61%) activations of the L'T, MT, SA, and UT during
all three of the examined conditions. It is speculated
that these activations were a result of the LT, MT,
SA, and UT functioning to control movement of the
scapula. The values observed in the current study
are similar to activations of the scapular muscula-
ture observed in previous shoulder rehabilitation
studies examining scapular muscle activation during
individual joint exercise and rehabilitation move-
ments.’”? Only one current study has examined
lower trapezius, upper trapezius, and serratus ante-
rior muscle activation during baseball pitching.®
In the abovementioned study, low activation was
observed for the LT throughout the entire pitching
motion and the UT and SA exhibited low activation
between foot contact and maximum shoulder exter-
nal rotation. Moderate and high activations of the SA
and UT were observed during the acceleration and
follow through phases of the pitch, respectively. By
having similar levels of muscle activations observed
in previously reported data during rehabilitation
exercises, the holds exercises may be an alterna-
tive exercise that can be performed to best simulate
the muscular demands of throwing when a player
may not be medically cleared to throw. Therefore,
the current results may further support the idea of
a holds throw being an effective exercise that can
more closely mimic the functional demands of
throwing, when compared to traditional rehabilita-
tion exercises, without the added risk of high forces
about the shoulder that are produced at ball release.

Moderate activations were seen in LT and UT in the
regulation weight ball holds condition and in I'T, MT,
and UT in the weighted ball holds exercises. It was
hypothesized that greater scapular musculature acti-
vation would be observed in the weighted ball holds
exercises compared to the regulation weight holds but
significantly greater activation was not observed. Acti-
vation of the MT did however reach a moderate level in
the 120z holds exercise that was not observed in the 70z
holds exercise. It is speculated that the 120z hold exer-
cise may be more advantageous than traditional single-
plane exercises because it requires the athlete to grip
the ball throughout the entire holds throwing exercises.
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While valuable data on sEMG data during throw-
ing and a series of holds exercises were obtained it
is important to note that some limitations do exist.
The use of sEMG during a dynamic movement
allows for the possibility of movement artifact due
to movement of the muscle under the skin and thus
the electrodes. Second, the current study examined
healthy participants with no known upper extrem-
ity injury and the muscle activations observed in
this study might not be indicative of those seen in
athletes with injured shoulders. Another limitation
of the study is that the participants were not evalu-
ated for scapular dyskinesis, which may be present
in a healthy and uninjured population. This was an
exploratory descriptive study using healthy partici-
pants, and there is a need in the future to examine
participants with scapular dyskinesis to see if the
results would be similar. Future research should
examine the use of a holds throwing exercises in
affected participants who are transitioning from an
upper extremity rehabilitation not to an interval
long toss program and examine the effects of using
balls of various weights for rehabilitative purposes.
Additional kinetic analyses comparing throwing to
holds throwing are needed to help determine if the
forces about the upper extremity are impacted when
not releasing the ball.

CONCLUSIONS

The results of the current study showed high activa-
tion of the LT (41.3%MVIC) and moderate activation
for UT (39.8%MVIC) in the regulation weighted holds
exercisesandin LT (43.74%MVIC), MT (41.30% MVIC),
and UT (44.93%MVIC) in the weighted ball holds
exercises. The holds exercises also produced similar
scapular muscle activations compared to those seen
when throwing a softball. While definitive conclu-
sions cannot be drawn, it is speculated that the holds
exercises may be an alternative method for gain-
ing similar muscle activation patterns compared to
an actual throw. Thus, the use of a throwing holds
exercise utilizes a sport specific movement that may
bridge the gap between traditional scapular exercises
and a subsequent return to throwing program.
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